Purpose: Management of patients with complex multiple renal calculi has always remained challenging and they pose many difficulties during percutaneous nephrolithotomy (PCNL) like higher incidence of residual calculus and multiple tracts requirement. The aim of our study was to evaluate the impact of pelvicalyceal system (PCS) anatomy, stone distribution and the site of puncture on the outcome of PCNL in patients with complex multiple renal calculi.
Background
Multiple stones in different parts of pelvicalyceal system (PCS) are considered as complex multiple renal calculi (Lee et al. 2014) . Management of patients with complex multiple renal calculi has always remained challenging. Percutaneous nephrolithotomy (PCNL) is considered the gold standard first line treatment in the management of renal stones larger than 2 cm. Patients with complex multiple renal calculi pose many difficulties during PCNL like higher incidence of residual calculus and multiple tracts requirement. Creation of multiple percutaneous tracts has the potential risk of bleeding and higher complication rates compared with procedures using single tracts (Kukreja et al. 2004 ). The success of PCNL is highly related to optimal renal access. We evaluated impact of pelvicalyceal anatomy, stone distribution and site of a puncture on the requirement of multiple tracts and the incidence of residual calculus. We further evaluated the difference in the surgical outcome of the patients with single puncture and those with multiple tracts in terms of operative time, haemoglobin fall, creatinine rise, analgesic requirement, hospital stay and complications.
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Methods
One hundred and ten patients with complex multiple renal calculi undergoing PCNL in our institute during January 2015 to December 2015 were enrolled in our study. The study was approved by the ethics committee of our institute. Patients with coagulopathy and renal insufficiency were excluded from the study.
Pelvicalyceal anatomic factors including infundibulopelvic angle, intercalyceal angle, infundibular length and infundibular width, PCS surface area and the stone distribution were determined using standard sized intravenous urography (IVU) films.
Measurement of pelvicalyceal anatomic variables (Binbay et al. 2011):
Infundibular length Infundibular length was measured as the distance between distal most point of the calyx and the pelvic-infundibular junction as shown in Fig. 1 . Infundibular width The infundibular width of the calyx was measured at the narrowest point along the infundibular axis as shown in Fig. 2 . Infundibulopelvic angle The infundibulopelvic angle was measured as the angle formed at the intersection of the ureteropelvic axis and the central axis of that calyceal infundibulum as shown in Fig. 3 . Intercalyceal angle Intercalyceal angle was measured as the angle between the central axis of respective calyceal infundibulums as shown in Fig. 4 . Pelvicalyceal system surface area The surface area of the renal collecting system was measured using a 1-mm 2 grid from the IVU.
Preoperative haemoglobin and serum creatinine were done.
PCNL was done using standard technique in prone position under general anesthesia using 26 Fr rigid nephroscope. The desired calyx for access was chosen with the criteria that it should have reasonable dilatation and maximum stone clearance can be achieved through that calyx. Maximum stone clearance with that tract was achieved. If required, multiple tracts were made in the favor of the patient and every event was recorded. Another calyx for access was chosen with the same criteria as described. Operative time was noted (starting from induction of anesthesia to completion of the procedure). Postoperative analgesic used was diclofenac intramuscularly and was given only when patient complained severe pain. On the first postoperative day, haemoglobin and serum creatinine were done. Postoperative X ray was done to look for any residual stone.
PCNL outcome was determined in terms of number of tracts, residual stone, operative time, haemoglobin fall, creatinine rise, analgesic required and hospital stay.
Data was collected and Statistical analyses were performed using the Statistical Package for the Social Science Version (SPSS) applying appropriate statistical tests.
Results
For determining the impact of pelvicalyceal anatomy in determining the stone clearance, the data were stratified into two groups. In the 1st group were included when through a calyceal puncture, stone clearance was achieved in a different part of the PCS (apart from that calyx). In group 2 were included when another puncture was required to achieve stone clearance in a different part of the PCS. Mean infundibular width in group 1 was 5.9 mm while in group 2 it was 4.41 mm. Thus wide infundibula significantly favoured achieving stone clearance in different part of the PCS (p value .000375). Mean intercalyceal angle in group 1 was 78.49° while in group 2 it was 63.42°. Thus the wide intercalyceal angle significantly favoured achieving stone clearance in different part of the PCS (p value .010). The mean PCS surface area in group 1 was 109.9 mm 2 , while in group 2 it was 134.27 mm 2 . Hence group 2 had significantly large PCS surface area (p value .0209). There was no significant difference in mean infundibular length and the infundibulopelvic angle in two groups. Table 1 shows the PCS anatomy variables measurements in two groups.
In our study, approximately 33 % of patients with complex multiple calculus required more than one tract and the requirement of multiple tracts was affected by the stone distribution. The stone distribution most unfavorable for single tract was that involving all the three calyces and almost equally unfavorable was the stone distribution involving middle and lower calyces. Of the patients who required multiple tracts, approx. 34 % had involvement of all the three calyces and about 33 % had involvement of middle and lower calyces. Requirement of multiple tracts according to stone distribution is shown in Fig. 5 .
In our study, approximately 13 % of patients had residual calculus. Of the patients with residual calculus most unfavorable stone distribution was that with all three calyces (approx. 36 %) and next was those with stone distribution Fig. 6 . In our study, clearance of stone was affected by the puncture site. Approx. 55 % of patients achieved complete clearance with single puncture. Of these, 38 % had an upper calyceal puncture, 37 % had a middle calyceal puncture and 25 % had a lower calyceal puncture.
Surgical outcome between patients with multiple tracts and single tract was compared in terms of operative time, haemoglobin fall, creatinine rise, analgesic required and hospital stay. Patients requiring multiple punctures had significantly longer mean operative time (69.46 vs 51.68 min, p value < .01) and mean analgesic dose requirement (4.8 vs 3.53, p value < .01) while there was no significant difference in haemoglobin fall, creatinine rise and hospital stay. Details are shown in Table 2 .
Approx. 20 % of the patients required supracostal approach, but none of them developed any thoracic complications. There was no significant difference in complication rate between patients with single tract and those with multiple tracts.
Discussion
PCNL is considered the first line recommended procedure for renal calculus. But patients with complex multiple renal calculi pose a special challenge for PCNL as these patients have high chances of incomplete stone clearance.
Effects of pelvicalyceal anatomy on achieving stone clearance in these patients have not yet been properly analyzed. In our study, of all the studied variables (infundibular length, infundibular width, infundibulopelvic angle, intercalyceal angle and PCS surface area), infundibular width, intercalyceal angle and PCS surface area significantly affected the stone clearance. Our study showed that if infundibular width is narrow, intercalyceal angle is more acute and the PCS surface area is larger, then approaching other calyces becomes difficult particularly if standard sized instruments were used, as in our study.
In a previous study conducted by Binbay et al. (2011) , only PCS surface area significantly impacted the PCNL success rate while infundibular width and intercalyceal angle did not affect the PCNL outcome. This could be because both simple and complex renal calculus were analyzed in that study.
There had been very limited studies predicting the impact of stone distribution on the requirement of multiple tracts and the incidence of residual calculus in patients with complex multiple calculi. The requirement of multiple tracts was maximum in those with all three calyces involved and was almost equally high in patients with middle and lower calyces involved. Also the incidence of residual calculus was highest in those with all three calyces involved and next came those involving middle and lower calyces. Thus, our study showed that stone distribution most unfavourable for single puncture complete clearance was that with the involvement of all three calyces and next came that involving middle and lower calyces and then those with upper and middle calyces involved.
In our study, both superior and middle calyceal puncture were favorable for achieving complete stone clearance. Studies conducted by Aron et al. (2004) and Netto et al. (2005) had shown better results with superior calyceal puncture. The upper calyceal approach is believed to favor good manipulations of the nephroscope and forceps within the pelvicalyceal system while the lower calyceal approach caused undue angulations, and torque. This difference is believed to be because of the straight tract of the upper infundibulum along the long axis of the kidney and the anatomical lie of the kidney over iliopsoas muscle that cause the upper pole positioned more posterior as compared with the lower pole and these two factors provide excellent visualization of the pelvicalyceal system when an approach is made through the upper calyx (Singh et al. 2015) . But the disadvantage with the upper calyceal approach is that it is not always subcostal, and may necessitate supracostal puncture which may cause serious thoracic complications. The upper pole of each kidney lies anterior to the posterior portion of the 11th and 12th ribs and during exhalation the lower limit of the parietal pleura crosses these ribs obliquely, such that the lateral portions of these ribs are inferior and lateral to the lower limit of the pleura (Munver et al. 2001) . The incidence of thoracic complication during supracostal punctures in various studies ranges between 3 and 16 % (Sukumar et al. 2008; Lojanapiwat and Prasopsuk 2006) . Keeping this consideration in mind while choosing puncture site, the middle calyceal puncture was very common in our study and almost equally good results were achieved using middle calyceal puncture as the upper calyceal puncture.
In our study total only ten patients required supracostal approach, but none of the patient developed any thoracic complication. This could be possibly because in patients at risk for thoracic complications, we preferred middle calyceal puncture.
Although the safety of creating percutaneous renal tracts is well established (Alken 1984) , there is still a concern about the use of multiple tracts for the treatment of complex renal calculi.
A study conducted by Fayad et al. (2014) had shown that PCNL with multiple tracts carries a significant risk of adversely affecting renal function. In our study, we found no significant difference in mean creatinine rise in patients with multiple tracts and in those with single tract. A study conducted by Hegarty and Desai (2006) had shown that patients with multiple tracts had a more significant rise in serum creatinine. A study conducted by Akman et al. (2010) similar to our study had shown that difference in mean rise in serum creatinine in patients with single puncture and those with multiple tracts was not significant.
In our study, there was no significant difference in fall in haemoglobin between two groups. Similar results were shown by Hegarty and Desai (2006) in their study.
In our study, patients with multiple tracts had significantly longer operative time. Similar results were shown in a study conducted by Akman et al. (2010) .
In our study there was no significant difference in mean hospital stay among patients with single puncture and those with multiple tracts. While a study conducted by Hegarty and Desai (2006) had shown that patients with multiple tracts had significantly longer hospital stay. Also, our study showed that patients with multiple tracts had a more analgesic requirement than those with single tract.
Limitations of our study
• Single centre study.
• Assessment of stone distribution was performed using IVU, which measures only two PCS planes.
• Standard adult size nephroscope was used.
Conclusion
Pelvicalyceal anatomy, stone distribution and site of puncture impacts the number of punctures required and stone clearance achieved. Of all the studied pelvicalyceal anatomy variables, infundibular width, intercalyceal angle and PCS surface area affect the number of punctures required during PCNL in patients with complex multiple renal calculi. Narrow infundibular width, acute intercalyceal angle and large PCS surface area restrict in achieving complete stone clearance in different part of the PCS.
Stone distribution involving all the three calyces or middle and lower calyces is most unfavourable to achieving complete stone clearance. Middle calyceal puncture is almost equally good as the upper calyceal puncture in achieving stone clearance.
With timely multiple punctures done, there is neither significant haemoglobin fall nor creatinine rise though there are longer operative time and analgesic requirement. These conclusions are based on study using standard adult size rigid nephroscope. Additional studies should be designed to further validate our results.
